
AO-AOB4 859 FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OH F/6 9/3
BASIC CALCULATED RELATIONSHIPS OF ACYCLIC ELECTRICAL MACHINES W-ETC(U)
MAY 8O B L ALIYEVSKIY. A I BERTINOV

UNCLASSIFIED FTD-IO(RS)T-0673-80

I IEEEIIEEEIII
IIIIIIIIIIIIIIfflfflf
IIIENI



1-0.111 .

MICROCOPY RESOLUTION TEST CHkqT
NAVOINAL BUREAU 01SIANOARDS 1963-



FTD-ID(RS)T-0673-80

FOREIGN TECHNOLOGY DIVISION
0

BASIC CALCULATED RELATIONSHIPS
OF ACYCLIC ELECTRICAL MACHINES

WITHOUT A FERROMAGNETIC CIRCUIT

by

B. L. Aliyevskiy, A. I. Bertinov, et al.

DTICE'EC'rE
.MAY 2 9 1980

.",L. /B

Approved for public release;

distribution unlimited.

' 80 5 27 253



FTDID(RS )T-0673-80

E E1D4 ANSLATION
( JFTD-D(S)- 673-8 I May 298/

M~ICRO~FICHE NR: FTD-80-c-C-5

41BASICCALCULATED RELATIONSHIPS OF
ACYCLIC-LECTRICAL _ACHINES WITHOUT
A FERROMAGNETIC CIRUI

,, .L.Aliyevskiy A. I Betinov L/ _

~9i 621001W fP3 -4 5___ by_

Country ofOi~n -We~~na~e-
Translated by: Gale M. WeiSnncp
Requester: FTD/
Approved ffor public release;

distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NO0T NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF TM! FOREIGN TECHNOLOGY 01- FOREIGN TECHNOLOGY DIVISION
VISION. wP.APS. OHIO.

FTD ID(RS)T-0673-80 Date9 May 1980



*1•

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteraic..

A a A a A, a P p P p R, r

6 B, b C c C S, s

B B 5 V, v T T T m T, t

r a G, g Y y y y U, u

A. a D, d * (0 0 F, f
E e E a Ye, ye; E, e* X x X x Kh, kh

Xac Zh, zh 4 I L q Ts, ts
3 a 3 i Z, z H 4 ef Ch, ch

H J u I, i W w 1 W Sh, sh

V1R a Y, y W4 5 1 W Shch, snch

K N K x K, k 'b 6 7 "

, iT a L, 1 H h M a Y, y

Mm M ,m bDb b
H H N, n 3 E,e

C o 0 . O,o w 0 Yu, yu

Fn 17 R P, p 9 R N a Ya, ya

*ye initially, after vowels, and after b, b; e elsewhere.
When written as 9 in Russian, transliterate as y4 or 9.

RUSSIAN AND ZNGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian Engliz-n

sin sin sh sinh arc sh sil,
cos cos ch cosh arc ch -sn_,
tg tan th tanh arc th ann_
ctg cot cth coth arc cth
sec sec sch sech arc sch sech
cosec csc csch csch arc csch :sch-

CESSJON for
~CESIN f We OF Russian English

IS White Sectionl
DDC Buff Section 0 rot curl
UNA4N'1't' irD 03 lg log
)USTIAO lo-M

0jst. AIA!L. and/or 3PECML
IsTRIOUION/AVAI[ADIUITY hOES

* - -r ..- -_- ."



1'

DOC = 0673 11G 1

0673, gw

BASIC CALCULATED RELATICUSHIPS Of ACYCLIC ELICTRICAL MACHINES VITHOUT

A FERORAGNETIC CIRCUI'I

Candidate of Technical Sciences, S. L. Aliyevskiy; Doctor of

Technical Sciences, Prcfo A. Io fErtinov; Engineers 3. L. Orlcv and

A. Ge SherstyUko

MOSCOW*°

Introduction.

The application of direct-current acyclic machines (on) which do

not contain a fqrromagnetic circuit is promising in connection with

the use of cryogenic technology and superconductivity for creating a

new type of electrical oquipment. Ihe design cf such U is

complicated by the essentially ennuniform distribution of the

magnetic field in their active zone. Estimating methcds of

calculating the ef of the Ud armature are presented in., 2). As an

experimental check showed f , in a number of cases they give

- 1=
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satisfactory results. Ca the basis of these methods and approximate

relationships for designing ascenoids [4) an attempt was made to

graphically assign the range ct the most expedient dimensions of

excitation coils [5, 61. Up until now a general method has not been

developed for determining the dimension of the UN armature without a

ferromagnetic circuit.

Prospects for the use of the examined UN in various branches of

technology [7] and the urgency o creatirg eccncsically advantageous

acyclic generators and high-pori. motors based on the use of

superconductors and particularly pure metals fcr their inductance

coils [8, 9] require the develoient of refined methods for designing

these machines. The armature of a an in the general case may have a

collactor rod winding uith varicus cooling systems. In the present

work we examine the basic Erobless of the electromagnetic design of a

UN without a ferromagnetic circuit with optimization cf the geometric

parameters of the ring inductance coil performed using numerical

methods on a computer.

Determination of the Hain Dimensions.

With an assigned rate of r tation, diameter D and the active

length 1 of the UN armature ace determined by the electromagnetic

load of the machine, Pcliowing a known method [1, 10] it is possible
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to obtain several forms cf the tasic design equation of On which are

presented below. When designing a On with a superconducting

inductance coil it is ccnvenient tc use the maximum value of

induction B, in the magnetic system which must net exceed the

critical value BR . The lineaz Icad and current density of the

armature are determined ky the method of its cooling and the

permissible value of the electrical losses of pover taking into

account the experience cf electrical machine tuilding. It was

established that indepezdently f the structural diagram (Pig. 1) the

diameter D=2R of the armatuxe during the designing of a UN with a

single pair of current-ccllecting circuits may be calculated

according to the relaticashif

where P&, are the electromagnetic power and the rate of rotation;

)hul/D is the structural coefficient. The coefficient of use of the

active volume

0,.O5 (DO, + D Is-B.A.

where D*sD,/D=aU/R 1 Is the relative diameter of the circuit the

current-collecting ring cr of the collector nearest to the excitation

coil; D* ,D,/DR R/R is the relative diameter cf the current collector
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at a distance from the exasined cell; k.n is the coefficient of the

shape of the curve of the current in the rods of the armature;

ka-BcIBvasO.+'1 is the ccefficient of distribution of induction.

As Bcp we take the average value of magnetic induction cn

surfaces S (Fig. 1), ccnzecting the circuits cf the current

collectors. The linear Icad cf the armature in the general case

N I' (t) dt,

where i(t) is the current in the rcd with a period of change 7; N is

the number of active coda of the armature winding.

Expression (2) for Fractical calculations can be conveniently

represented in the fern

where I, and c are the current cf the armature circuit and the

number of series-connected rods c the atuature winding.

For a machine with a continucus rotcr cc =1 and ks.,=1. for

collector US with an armatute winding of the rod type [9] the values

of the coefficient k.-s may be determined during detailed inventigaicn
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cf problems of cosmutatica. In the simplest case* assuming that

commutation is rectiliear, the distance between adjacent bcushes tp

is equal to the width ct the colector plate tK and on the asis of

this, analyzing the form of curve i(t) fcr the coefficient of brush

overlap A. =1 we obtain ho.,.2/13 3,155 ith values of the coefficient

O greater or less thei one the ccoefficent k.= apprcaches coe. In

all variations 14.x increases with bp>b., inasmuch as function i(t)

has the character of pulses with relatively large pauses. In

particular if PO-i, bp-2bb then keml,41.

Calculations show tkat in a cylindrical DR (Fig. 1a) it is

possible to assume that )X=1.25-i.0 with C*2%1; in a disk machine

(Fig. Ib) vith D*2=0.2-0.3 we have ).-(Dt-D%)/2cosu,35-0,45. A further

increase of X is not ez;edient ea~ecially fcr machines with

relatively small dimensicns of the inductance coil since in addition

to an insignificant increase cf the ef there is a significant rise

in electrical losses ard in the %eight of the armature.

- - -. .- *- 7.
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Fig. 1. Design diagrams cf a cylindrical (a) and a disk (b) acyclic

machine.

?or an acyclic moto: it is sometimes convenient to write

relationship (1) through the electzoaagnetic moment

in constructions vith a solid rotor as an index of the current

load it is also possible to as. tho current density j~in the

4 armature, The equations 11) and (3) assume the form
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14)

(5) D 4= , , s,. _._ .

The coefficient characterizing the use of the active volume of a

cylindrical Un

o'.0,25 i'D*tkjBm,

where j.=4I./n~D is the calculated density of current in the cylinder

For a disk machine

a'..- 0,5 .2(D*,+D*')bDkajBxi ,

where j ,InrInDb, VD-bD/ are the current density and the relative

width of the disk on tte periphery.

In those cases when the rate cf rotaticn n is not a

preconditioned value relationships (1) and (4) may be converted

introducing the greatest permissible linear veiccity in the contact
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(6) D

(7) D _ /',"; ,

where c,-D/Dt is the coetficient taking into account the difference

in the diameter of the real contact surface from that of the

equivalent circuit of the current collector

For excitation wirdings manufactured from especially pure metals

(aluminum brand 1999 or beryli}um) with low-temperature cooling (with

hydrogen, neon or nitrcgen) relaticnships (1) and (4) are expediently

expressed in a differeat form. Usimg the concept of average current

density wj,3 F-/Q (P.. Q- the total aa~netizing force of all coils and

the total area of the transverse section) in the inductance coil

consisting of me coils we have

(8) D --- JA.

Vith a solid rotor for cylindrical Us

(9) O='.u ,±L ,.

.. i * ,, " 2 . . "" . i I III I- l
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For disk machines

(10) D= XI ~

gere yeg4w*10O' H/rn; EGOC*1-3 is the dimensionless coefficient

(rlaieuef) taking into acuzthe geometry of the UMf and the

current distribution in the iadectance ccii vbich is functionally

connected with k# by the relaticsship

E, -= 2%k3 B-.~ (D-, + DI) X.

induction) with se-I may be deterained from graphs [4, p. 3092; with

201 acoefficiet t B4) an approximate drelatiinatalu of greatst;sib

A rfind vlueB.,igcttai.ned during calculation of the magnetic

field of the inductance coi.l.

The most expedient values of coefficients g,',,'for various

types of machines and vazio'% types of applications ef materials may

to refined in proportica to the accusulaticn cf experience in

designing and manufacturing UN vithout a ferromagnetic circuit. The

JI-- --



DCC z 0673 FAEG 10

value of the diameter cbtained from one of the relationships (19 and

(3)-(10) may be used directly in designing taking into account the

corresponding limitaticns with rezFect tc thermal ccnditions,

mechanical strength, etc. and also be corsidered as the first

approximation during suksequent overall cptimization of the machine

according to the selected criteria. The active length, i.e., the

distance between two cuzrent collectors cf cFFcsite polarity, for all

forms of the basic design equation (1) is 1=XD.

Determination of the Optimum Dl.mensions ef the Inductance Coil.

As a criterion cf cFtisizaticn we select the volume of the

excitation coil V since the kasic characteristics of the inductance

coil - the weight of tle minding G and the electrical losses in it

(for nonsuperconducting GI) - significantly depend cn V. Dependence

G&(V) with a constant charge coefficient of the winding is

practically linear. Electrical Icsses in inductance ceils made of

especially pure metals fcr one and the same values of the internal

radius of the coil and of the average current density in it with an

increase of V, increase taster tkan the linear function of volume.

This is explained by a. increase in the intensity of the magnetic

field and consequently tj a decrease of the average electrical

conductivity of the vicding material.

I__W
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Arguments of optimization are the external radius R% and width

b cf the axisymmetric inductance ccil with a rectangular transverse

section. The internal zadius cl the excitatic coil B& is assigned

by the equality R,-R,R (R*, is the structural ccefficient). The

mutual arrangement of the examined coil and the armature is

characterized by parameter za (Pig. 1) aid is determined from the

condition of the maximum emf. Use cf the principle of superposition

makes it possible to limit the analysis to the examination of an

elementary UK containing one coil and a pair cf current-collecting

rings. In such a UN eaf is assigned by the relationship

where Mj, 4 are magnetic fluxes permeating the vicinity of the

current collectors.

Let us determine the flux thzcugh the circuit (r, z) in a linear

medium (with pupe) from the annular inductance coil with an azimuthal

current density j using the vectcr potential cf the magnetic field

ef excitation,

(12) Ad2,

v. ,j " "M



DOC 0673 FiI 1i

where A. is the azimuthal ccafcnent of the vector potential.

Using the integral representation of the vector potential [1]

expression (12) may be uritten in the form:

(13)jj r(j. ') diC4

whereby the distance frcm the .icint of integration (L. ) to the point

of observation (r, z) p-(r2+2-2rgcosy+ (z--)as.

Testing (11) for the extremus by differentiating it with respect

to z, taking (12) into account leads to the equality

( 1 ) RtB-RA,2.

In the limit with Da=O or 22-0. i.e., when the radial cespouent

of induction from the examined celi Bra in pcint (R2. zx) is equal

to zero, equation (14) Is aatisfied with zlsb/2, since in this plane

B?,(.Rbz, )'-O. For satisfaction of equation (14) vith u#O and with

finite values za it is necessary that zj >b/2. However, calculations
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shov that for real dimensions of us this increase of z, is

insignificant and does act lead to a significant increase of the ouf.

Therefore in the majority ot cases it is reccaumended that the basic

coil be arranged so that its center is in the plane of the circuit of

the current collector clcsest tc it. Subsequently such an arrangement

is assumed to be preassicnad.

Arguments of optisizatioa ct 9. and b are determined as a

result of minimization cl the criterial functicn of volume

V(RR. R.'b) while observing the condition E=ccnst. Taking (11) and

(13) into account we write the corresponding equations in

dimensionless form:

I '= ( =- J.. )b';(15)

RRol

,*,(3 ~cos PdAdi= const. (16)

The obtained notation makes it possible, with satisfaction of

the similarity criteria,

R% = RJ.R; R*. = RIR; b* = bR; R*, = RJ/R;

R,=R,IR: Z, =z,/R; z, = z,/R; I.= , " idem

to extend the results ci calculaticn to a number of analogs
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-- VIR' -  idem; -- E/p.J. 3 'wR$'5 idetu.

Here J. is the ccccent. density in a random point of the

excitation coil; ing is the cuzzent density in a certain

characteristic point Cf the examined coil, fox example Z-.. C-b/2.

Let us note that dimensicnless est E*o from m excitation coils is

determined by the relaticnsbiE

Wo

(17) I,=EI -

The minimum of function 115) with condition (16) is found by the

method of indeterminant layrange multiplers. is a result of

conversions we obtain a system intc which, along with (16), enters

the connecting equation

(18 ii. ~-~--(EJ + El 0).
I R o+R;0 ICms tz

Expression (18) is written for the case when with possible

variations of the excitation coil geometry its median plane remains

immobile relative to tkf aimatuze. It may be shcwn that if for

structural consideraticns it is necessary to fix the distance between

one of the ends of the ccil. (!-o or !-60)and the armature then

i 4, ,
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application of Lagrange*o method gives relaticnships identical to

(18) but in this case

At 0

oroAio

respectively and the multipl1er in front of the bracket is doubled.

In expanded form (10) is

o R.=
(19) beb (i~~

' ai2 + i.0 °' S-M -T b ) l  ot~o

Joint solution of equations (16) and (19) makes it possible to

determine the optimum dimensions of the inductance coil with respect

to a given emf. For ebtaaisng calculation efxressions we integrate

(16) and (19) with respect to ccordinate 4:

(20) - I (k')Vjj d'd t-const;

1% R--
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(21)
- t (kt,) .~'. o rik.)Vt.

- f (k.) VWJ} d 0.

Bore function

IM)- IK (k)- E(k) - K (k),

where K(k), E(k) are the complete elliptical integrals respectively

of the first and second kinds vith the square of the modulus

moreover

ma kl. 3 , k,: ki .;

k --= k[ =l 1; 2.

Vith a constant ctrrent density J.-const equations (16) and (19)

say be represented in a simpler tots. As a result of double

integration using convetsions [11] we have:
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(22) E--(e,- e) csody -cnst;

(23) - (c. - ,) cs yd- 0,

vhere

2 - 4); (c)lo ( ) - In (+) +

+ r'(sin2,) arctg f- sicg' - +p a

c, r jI -I + +(. 0=02 (b)

+- 0)+ r (Cos ,)Xin co- + b.) +
+ r;(Cos ?)In, l Cos +(,o) ...

e,-- e e.- C , c,-Ct
* , , =

Cther forms of notation corresponding to unidimensional

distributions of current density are given in

Lppendix 1. Let us note that the sclution of the inverse problem

(i.e.. obtaining the greatest set in the case of a given volume of
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the excitation coil) during differentiation cf B with respect to R*

or b* and Vaconst leads to the same calculatien relationships (18),

(19), etc. Although all cf the defendences given above are directly

valid for UN with a single pair cf current ccllector circuits, they

may, however, be extended to acre general cases (see Appendix 2).

Numerical Processing and Zxperietal Check.

Solution of the system of integral relaticnships

represented in the fors f (20) and (21) or (22) and (23) relative to

known be, RE* may be €ttained mith gradient methods using ccoputers

[12], for example, by the method of the fastest start. However, for

plotting design curves it is sore convenient to solve the system

relative to the parameters 1,h* cc I,1*, . In this case equations

(21) and (23) are solved by the method of chords or the methcd of
C

half division and value a is determained directly as a result of

numerical integration cf relaticnships (20) and (22). The simplicity

of the algorithm and tke possibility of using a preliminarily written

program for finding the actual oots of a transcendental equation

determined the selecticn of such a method for realization on

computers. Solution of the systeam (22) and (23) was carried cut on

the "Ninsk-22" computer zelative to the unknowns b*, ;. The error of

numerical integration in this case was 6.01%, and the assigned error

of solution of equation 12j) 6y =- j,--< 0,05. Analogous calculations
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according to formulas 120) and (21) were perfcrmed on the "Nairi-2"

computer.

Numerical integration in the process of calculations was

performed using the Gaussian method. The calculations showed that for

achieving the same accuracy as in the preceding case it is

sufficient, in the case cf single integration, to use the quadratic

formula with 6-8 points, As a result of these calculations graphs

were plotted (Fig. 2 and 3) which make it pcssible to determine the

optimum width b* and height h*z Rn-R 3  of a section of the

inductance coil with reslect tc a given 2.

'I

Fg 2d

re

e - LI

i rig. 2. Optimum dimensicca of the inductance coil of a cylindrical 03

( " 1 .) , -- '
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f I I I

I I

U.

.LI I A

Fig. 3. Optimum dimensicns of the inductance coil of a disk ON
a a
(z- z=0.2; R*2=0.2).

For checking the Fresented sethod we calculated and measured the

magnetic flux of models cf a nuabe: of experimental inductance coils.

Flux was determined using a veberseter type F-18. In this case it was

taken into account that

(24)
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The results of comaeriscn ct experimental data with calculation

according to formulas (iC) and (22) with R*,aO showed their

sufficiently good corresfondene (see table, where

1.11 1.69 1,38 0.69 0.923 0,928 0,54
1,25 1,9 1.55 0,775 1,009 1,015 0,6
1.11 1,38 3,36 1,68 0,692 0,693 0.14
1.25 1,55 3,78 1,89 0.774 0.776 0.26
1.11 1,655 1,48 0,74 0.919 0.927 0.87
1.25 1,863 1,66 0,83 1,007 1,036 2,9
1,11 1.723 1.29 0,645 0,925 0.904 -2,8
1,25 1.94 1,45 0,726 1,009 0.990 -1.89

Table. KEY: 1. calculaticon. 2. experiment.

Using experimentally checked calculation algorithms curves were

plotted (Fig. 4) which skow the character of change rdepending on

the geometry of the coil in the case of preservation of the constancy

of the relative volume 1. As is evident from fig. 2-4. values b* and

h*-R*--R%, which provide the extremum I. in all cases coincide with

their values obtained fzca solutict of the system (20)-(23). The use

of the method developed above is illustrated ty the the example of a

check calculation of a OR (Appeandix 2).

Evaluation of the accuracy cf the previously suggested

approximate methods of optimizaticn of the inductance coil shoed the

following. Optimization according zo the vell-known method of Fabry
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(with respect to the greatest field on the axis), suggested as

applied to UM [3], gives an errcr uith respect to the the sides of

the section of the coil for the versions of a disk machine calculated

above from 90-15 0/o. he error hare decreases in proportion to the

increase in the dimensicts cf the inductance coil. For cylindrical

machines, especially in the case when using relatively short aratures

(x<1.5) this method leads to even greater exrcrs. The relationship of

sides, determined according to [5] (coinciding in individual cases

with the optimum) for various R*e may give a deviation up to

40-50 0/o (Fig. 5). Bth of these methods, hosever, [5 and 13) give a

satisfactory qualitative characteristic cf the change of the geometry

cf the inductance coil vith an izcrease cf its volume (especially for

disk UN) and in light cf the sufficiently plane extreaus eaf they may

te used in estimating calculaticas.

4

1eaaI

w

Fig. Z* Results of the calculation of the relative oaf I for various

i .. . IIl I II ll - -
" ' ' - - :

.. .. . ..., _ ._ ""-'- : . .. .
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dimensions of coils while maintaining constancy of volume V-cont.

1, 3 - cylindrical UH, - , -'.; ,-. t,,.. 2, I - disk UN

~a-Si =.2;i~r25 RV i P 409R% 1.2.

3.3

,1:

Fig. S. Dependence of the relaticuship of sides cf an inductance coil

ofa disk UNf on the relative volume of the excitation coil. I -

calculated according tc [14); 1.1 - calculated according to [5]; 111

calculated according tc (18).

conclusions.

' .'1

Expressions were cttainod fez determination of the basic

dimensions of the armatuae and inductance co of UN without a

ferromagnetic circuit@ Integal relationshi assigning the optimum

gdcoetry of the inductance coil were numerically processed on a

* NOW
e-7 _9
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computer. As a result calculatica curves were plotted from which the

geometric parameters of an annular excitaticn coil with a given

relative emf are determined. The presented methed is more universal

and accurate than thcse suggested earlier and ccrresponds well to

experimental results.

Appendix 1.

For 7,-. (b

* ..

RONc

+ A-A (1 . +~[~f

i)], cosddt -coat;

A-(R) in. Z, in. - 1 R.]-R.I -

- + ;,(ha) cos,?dip +

+ ef Tdt' ]ca i1 0.
IP(.0) p~ 10)J

for 1,-.()

f0'.c4 ii, -- , n ddf.
oo@'
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bat

vhere I,- p+ coyin ;+I-rCos).
Lim J.iI It ROD

Appendix 2. Checking calcu.atican of the unipolar motor of the firm

lED [9].

1. Diameter and active length of the armature. The examined

motor has two pairs of ccilectozs (sA-2) connected in series and

symmetrically arranged relative tc the excitaticn ccil. Therefore the

electromagnetic moment 6ce to one active section comprises half of

the cment of the motor: M.-Mj.;-, 68.1is Us. Acccrding to (3)

D ,,, " / J.3 75 15 7 5 0 . m 16

.mW =O.375.2.160 "0.81

where *smog.2m5750 J/2 3 ,
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0.5r(D 1 *,+V)ABA =

0.5 (1 + 0.25) 0.53.3.4.9 M1.,55 -9.9- 10' /

A-9850 A/n (winding cf the armature with direct water cooling).

2. The internal radius of the excitaticn coil

RamR*A- l,11. 1,06-1 2 a,

3. The relative eet. Considering that , we have:
£

43010- 1"24 .4- 1-3,33.10m4 .2.- 088 0' f67.

4. The external radius and the width of the excitation ccil.

Disregarding the insignificant deviations of Farameters f from

those calculated according to tte curves of Pig. 3 we find

R'Si'..3,0-.051; then R.-RR.-.405 Me b.b*R-0 a. The coefficient k,,

determined according to the found dimensions using [4] coincides with

the value accepted during tke ckeck calculaticn .-o.553.

Parameters of the zeal motoz L9]: D=2.16 m; 1-.81 a; R9 -1.2 a;

am -1.42 m; b=0.535 m. Ike values calculated above correspond well to

this data.

Deceived 7 June 1971.
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